A 4-year-old boy with severe intellectual disability (ID) and characteristics of autism was found to have a de novo 1.9-Mb microdeletion in 7q31.33q32.1, in which LRRC4, GRM8, and 11 other genes were included. GRM8 is associated with attention deficit hyperactivity disorder. LRRC4 is related to synaptic cell adhesion molecules, some of which are associated with autism. The deletion of LRRC4 may be responsible for the severe ID and characteristics of autism observed in the present patient.
been obtained from the patient's family, peripheral blood samples were obtained from the patient and his parents. Genomic DNA was extracted with a QIAquick DNA extraction kit (Qiagen, Hilden, Germany). Chromosomal microarray testing was performed with an Agilent 60 K Human Genome CGH Microarray platform (Agilent Technologies, Santa Clara, CA, USA), as previously described. 3 Next, a genomic copy number loss at the 7q31.33 region [arr 7q31.33q32.1(125,875,286-127,816,631) × 1] was identified ( Figure 1 ). The deletion length was 1.9 Mb, and 13 RefSeq genes were included in the deletion (Table 1, Figure 1 ). The same deletion was not detected in the parental samples through microarray testing, thus indicating a de novo occurrence. These data have been registered as #332875 in the DECIPHER database (https://decipher.sanger.ac.uk/). The data presented by the UCSC genome browser are depicted in Figure 1 for comparison.
As shown in Figure 1 , there were some overlapping deletions in the DECIPHER database; however, informed consent and detailed clinical information of the registered patients were unavailable. Therefore, we were not able to perform a genotype-phenotype correlation study using the data included in the DECIPHER database. In addition, we found only two reports of overlapping deletions in the literature. One of the deletions was derived from complex chromosomal translocations; 1 the deletion was large and included the deletion region identified in the present patient. The other overlapping deletion coexisted with a 17q21.31 microduplication. 2 The phenotypic features of these patients with complicated chromosomal abnormalities were inappropriate for use in a genotype-phenotype correlation study.
The deletion identified in this study included 13 RefSeq genes. According to RefSeq gene information (Table 1) , only the paired box 4 gene (PAX4) is related to the OMIM phenotype (http://omim. org/); the PAX4 mutation is related to autosomal dominant diabetes mellitus type 2 (MIM #125853). 4 At present, there have been no symptoms of diabetes mellitus in this patient. Careful observation is required to identify these symptoms. In addition to PAX4, the leucine-rich repeat containing 4 gene (LRRC4) and the glutamate receptor metabotropic 8 gene (GRM8) showed some functional relevance to neurological features. Elia et al. 5 have performed a large cohort study on patients with attention deficit and/or hyperkinetic disorder, and have identified statistically significant findings of copy number variations, including genes related to glutamate receptor gene networks and G-protein-coupled receptors involved in modulating excitatory synaptic transmission. Some reports have also suggested a relationship between copy number variations in glutamate receptor gene regions and attention deficit and/or hyperkinetic disorder. 6, 7 A partial duplication of GRM8 has been identified in an individual with autism. 8 On the basis of these findings, copy number changes in GRM8 may be related to neurodevelopmental disorders. More recently, GRM8 has been reported to be associated with psychiatric disorders. [9] [10] [11] However, the clinical features of the present patient are more severe than those observed in patients with such neuropsychiatric disorders.
Another candidate gene, LRRC4, consists of only one exon, and encodes a 653-amino-acid-long protein. LRRC4 is a member of the synaptic cell adhesion molecule family. The netrin-G ligands (NGLs) belong to the superfamily of leucine-rich repeat (LRR) proteins. Three known members of the NGL family, NGL-1 (LRRC4C), NGL-2 (LRRC4), and NGL-3 (LRRC4B), localize mainly to the postsynaptic side of the excitatory synapse and interact with the presynaptic ligands including netrin-G1, netrin-G2, and leukocyte antigen-related. 12, 13 The NGL-dependent adhesion system is important for the development of axons, dendrites, and synapses. Consistently with these functions, defects in NGLs and their ligands are associated with impaired learning/memory and hyperactivity. Many synaptic proteins and receptors are defective in patients with autism, thus strongly suggesting that the heterozygous deletion of LRRC4 is a possible explanation for the severe intellectual disability and characteristics of autism observed in the present patient. 14 In conclusion, the identified 7q31.33 deletion was considered to be a pathogenic copy number loss in the present patient. 
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